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The area, of the lamelar system which is the site of photosynthetic pro­
cesses is determined by both the inner organization and the number of chloro- 
plasts.
The inner organization of chloroplasts is governed by genetical and 
ecological factors (Eriksson et al. 1961). In higher plants the individual 
phases of conversion of proplastids into chloroplasts depend on several gents 
for the activity of which light of different energies and intensities is required. 
The conversion of protochlorophyl to chlorophyl and the formation of lamelar 
vesicles occur at relatively low light energies (10* erg/cm̂/200 sec, A = 650 m ¡a) 
(Virgin et al. 1963). A more intensive pigment synthesis and granum 
formation wil start only upon ilumination which is one order of magnitude 
higher. A functionaly essential step in this process is the formation of a lipo­
protein complex system (B o a r d m a n 1962) which is associated with active 
protein synthesis (De Deken-Grenson 1954). Processes maintaining the 
lamelar system of chloroplasts are also sensitive to changes of ilumination. 
This is reflected in a volume decrease, in a lowering of pigment content (G o d- 
n e v et al. 1960) and in a change of the electronmicroscopic picture (W ehr- 
m e y e r 1964) when chloroplasts are kept in the dark for prolonged periods 
of time.
The number of chloroplasts per cel is different with different species. 
By progressing towards higher organisms the number of plastids and its varia­
tion usualy increase. In the angiosperms the number of plastids varies with 
dilferent leaf tissues (G r a n i c k 1955). A correlation has been established 
between polyploidy and the number of plastids per cel (Butterfass 
1964). Nitrogen supply of the plants (Tabentski 1953, 8 argóm sky 
1956), spectral composition of light (Kahnovich 1960) and intesity of 
ilumination (Lundegardh 1954, Kahnovich and Hodorenko 
1964) are factors which influence the number of chloroplasts and/or the chloro­
phyll content of the cels.
The mechanism underlying tlx- formation of a definite number of chloro­
plasts per cel is not fully understood. It is known that in seedling leaves the 
chloroplasts originate from proplastids. However, as to the size of the fraction 
of proplastids which wil actualy give rise to chloroplasts no detailed informa­
tion is available. It is known that in leaves of higher plants grown at low 
light intersities fully developed plastids usualy do divide (8 c h ö t z and 
Sense r 1964) but nothing is known about the quantitative aspects of this 
process.
The present paper reports some quantitative studies on chloroplasts in 
various stages of differentiation. Different light intensities have been compared 
with respect to their effect on the pigment content of chloroplasts formed in 
maize leaves, on the number of chloroplasts per unit weight of leaves and on 
protein synthesis.
Materials and Methods
Grains front an inbred line (Mv 1143/53) of Zpa /Mat/s L. convar. vulgaris 
were germinated in the dark at 26° C on a layer of cotton for 5 days and then 
exposed for 3 to 4 days to white light of intensities of 5, 25. 1<)<) and lftf'tt lux. 
respectively (Tungsten lamps, 150 W).
The first and second leaves of the seedlings were cut to pieces about
0.5 cm long each. These were pooled to give samples of 5 to 20 g. Aliquots 
of 0.2 g were withdrawn for determinations of total pigment and total nitrogen 
contents, respectively. The pigments were extracted with a 1 : 1 mixture of 
acetone and petroleum ether (bp 40 — 60). Pigment content was measured 
spectrophotometricaly at four different wavelengths (Falu d i-D á n i e 1 
et al. 1965).
Chloroplasts were isolated on glycerin-sucrose phosphate columns by 
gradient centrifugation (.1 a m es and Das 1957). From fractions containing 
intact plastids known amounts were placed in a haemaevtometer and micro­
photographs of an approximately 200 fold magnification were taken. Chloro- 
plast counts have been expressed as the average values obtained from countings 
in 8 to 10 chambers of 0.2X0.2X0.1 mm (the optimum dilution for counting 
w:ts 20 to 20 chloroplasts per chamber).
Aliquots of the chloroplast suspensions were shaken with acetone-petro­
leum ether and the upper phase was subjected to spectrophotometric assay. 
The rest of the suspension was diluted two fold with dist. water and the protein 
precipitated with trichloroacetic acid in a final concentration of 3 per cent. 
The precipitate was washed with dist. water and after digestion with 11,80, 
the nitrogen content was determined photometricaly by the Xessler method 
(Bálint 1955).
The number of chloroplasts per unit leaf weight was calculated from the 
pigment content of the leaves divided by that of the chloroplasts. In the Tables 
averages of four experiments and their mean errors are given.
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Table 1 shows the amount of chlorophyl per unit leaf weight and per 
chloroplast. respectively, in leaves kept at different light intensities.
TaMe 7.
HUect o! tlilerent tight intensities on the chlorophyl content ot nmize leaves and chioropiasts 
anti tn the nntnhcr o! plastids per unit weight
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It may be seen that with increasing light intensities chlorophyl content 
increases at a decreasing rate, as expected. The increase in chlorophyl content 
occurs at a higher rate in intact plastids obtained by density gradient centri­
fugation. The number of chioropiasts as calculated on the basis of chlorophyl 
content decreases with increasing light intensities.
Table 2 shows the carotenoid content of chioropiasts and of leaves grown 
at different light intensities and the number of chioropiasts per unit leaf 
weight as calculated on the basis of caroteinoid content.
Tn&ie 2.
KHeci nl different tight intensities on the carotenoid content ot maize fences and chioropiasts 
and on the number of piastids per unit weight
As it is seen, at higher light intensities the carotenoid content shows an 
increase similar to chlorophyl content but to a lesser extent. At low light 
intensities the number of chioropiasts based on carotenoid contents is higher 
than that based on chlorophyl contents. In the case of more intensive ilumi­
nation the number of chioropiasts is the same whether calculated on the basis 
of chlorophyl or carotenoid contents.
The formation of chioropiasts is associated with active protein synthesis. 
The state of differentiation of plastids is reflected in their protein content or
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Light intensity iux
10-9 M 10-'B M 109 chioropiasts
g fresh weight (ieaves) chioropiasts g fresh weight (¡caves)
5 ............ 281 + 150* 1.0±0.3 2.8
33 ............ 780± 73 3.3 ±0.3 2.2
too ............ 989±154 (¡.3 + 0.8 1.6
1000 ............ 1200±!44 7.2± 1.4 1.7
Light intensity inx
10-9 M to-'" M 109 chioropiasts
g fresh weigh, (leaves) rhioroptas,. g fresh weigh, (ieaves)
5............ 96 + 35 0.3 ±0.1 3.2
23 ............ 191+25 0.6±0.1 3.2
100 ............ 316±32 1.4±0.2 1.5
1000 ............ 270 ±40 1.6 + 0.2 1.7
Linht intensity tux
mu protein 10*9 me !'<-r eem protein in the 
< htoroptasts*K frêh weintu rhloroptuets
5 .................. !9.3± l.S 1.4 ±0.3 20
25.................. 23.1 + 1.7 2.3±0.2 22
10« ............... 23.S± 1.1 4.1 ±0.7 27
1000 ..... 26.(1+ 1.6 4.!)±0.8 3!
rather in the iraction of total celular {protein contained in the plastids. The 
]trotein content of chloroplasts and of leaves grown at different light intensities 
and the fraction of proteins in the plastids are shown in Table 3.
7*aMe .3.
EH(-r( o! <litl<-r<-n( light in(< nsi(i<-.s on the protein content o! maize teases and ehtoroptnsts
]4R A. FALUDI-DAN1EL ET At..
* Protein /chtoroplastxnumber of plastiOs/g fresh weight (teaves)
-------------------------- — —----------------------------------------:----------—  ̂[On
prntetn/g fresh weight (leaves)
It is clear from Table 3 that at high light intensities the protein content 
of both leaf tissues and individual chloroplasts is higher than at lower ilumi­
nation. This increase upon ilumination is about 4(1 per cent with the leaves 
and about 250 per cent with the chloroplasts. under identical conditions. 
Consequently leaves kept at high light intensities have fewer plastids, the 
amount of protein contained in the plastids is nevertheless higher than in the 
control.
Discussion
Upon ilumination pigment content increases to about the same extent in 
both leaves and plastids as long as the intensity of light is kept at a low level. 
At 100 and 1000 lux, however, whereas the pigment content shows a 3 to 
4 fold increase per unit leaf weight, it increases by a factor of 5 to 7 per plastid.
The different rate of pigment accumulation in leaves and plastids mav be 
connected with the fact that for the numerical increase of plastids low lî ht 
energies suffice. On the other hand, the formation of stable structures in the 
plastids is not triggered under these conditions which is indicated bv the 
lower pigment concentration. At higher light intensities differentiation is 
accompanied by a reduction in the number of plastids. It can be supposed that 
during the differentiation of plastids some sort of a regulatorv mechanism 
wil set an upper limit to the amount of protein which can be withdrawn form 
the total protein pool lor synthetic processes in the chloroplasts. As a result 
of the operation of such a regulatory process the differentiation of some 
plastids may stop completely. This may in turn lead to their destruction. This 
hypothesis is supported by Arnason and Walker (1049) who have 
reported the occurrence of three zones in variegated barley leaves with respect 
to the size of chloroplasts. In the green mesophvl they fimnd plastids of 5 to 
7 ,a in size, in the transition zone in addition to few such plastids a larger
number of bodies of I to 3.5 a and in the white zone many smalt bodies which 
were shown to be mutated plastids uncapable of further differentiation.
In too, there is a difference in the number of proptastids and fully
developed chloroplasts, respectively. 30 proplastids were observed to give rise 
to only about 10 to 12 fully developed plastids (Schiff and Kpstein 
1066).*
Another possibility is that at lower light intensities fragile plastids of 
lower mechanical stability are formed which are broken down during isolation 
increasing thereby the apparent plastid counts.
The number of plastids per unit leaf weight is not quite the same depend­
ing on whether it is based on chlorophyl or carotenoid contents. At hight 
light intensities the two values are in agreement. With low light intensities 
the much higher plastid counts based on carotenoid contents are due to the 
fact that the mechanicaly less stable plastids with less chlorophyl and more 
carotenoids were eliminated during density gradient centrifugation. A similar 
phenomenon was observed when pigment contents of normal and mutated 
corn leaves and plastids were compared (Osipov a et al. 1667). N e i s h's 
(1939) results point to a similar phenomenon. He reported different dry 
weights for the plastids depending on wheter chlorophyl and carotenoid or 
xanthophyl contents served as a basis for the calculations.
Studies on carotenogenesis in etiolated and iluminated leaves of maize 
have led G o o d w i n (1958) to conclude that it is mainly /3-carotene, forming 
about 30 per cent of total carotenoid content, which is most hightly bound to 
the structure of chloroplasts. Upon ilumination this particular /3-carotene wil 
accumulate.
During the formation of plastids most of the increase in total protein 
content is confined to the plastids. This increase occurs to such an extent 
that while the number of plastids decreases, the fraction of total protein 
content in the plastids increases by 10 per cent. According to D e D e k e n- 
Grenson's (1954) data upon iliumination of etiolated leaves the protein 
content of plastids increases by 210 per cent whereas that of microsomes only 
by 10 per cent.
Fully developed plastids contain about 30 per cent of the total cel 
protein (M e n k e 1938).
Taking an average molecular weight of 25,000 for the structural proteins 
of chloroplasts (C riddle 1966) the number of chlorophyl molecules per one 
protein molecule wil be around 0.6 with iluminations of 25, 10 and 1000 lux. 
At an ilumination of 5 lux, however, the ratio of chlorophyl to protein mole­
cules wil drop to 0,3. This suggests that even in plastids not completely diffe­
rentiated (25 lux) the chlorophyl-protein complex wil be formed. This is in 
line with the data indicating that at 25 lux the ratio of chlorophyl in a free 
state to that bound in the complex is smal as shown by high equilibrium 
constants (F a 1 u d i D a n i e 1 et al. 1965).
Summary
Differences in the pigment and protein contents oi leaves and chloroplasts 
of maize seedlings grown at different light intensities have been studied.
!C*
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It has been shown that with increasing light intensities the amount of 
pigments localized in the plastids increases to a higher extent than the total 
pigment content of leaves.
The number of plastids calculated on the basis of chlorophyl and caro­
tenoid contents decreases with increasing light intensities.
The fraction of total protein represented by the plastids increases at 
higher light intensities.
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